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Introduction

Iodine administration has many undesirable effects on
the human thyroid gland. Iodine administration may result
in goiter and/or hypothyroidism especially in individ-
uals with autoimmune thyroiditis or those with Graves'
Disease previously treated with 131-I or subtotal thyroid-
ectomy. (1,2) Iodine administration may induce hyper- .
thyroidism, especially in areasof iodine deficiency,
and hyperthyroidism has also been reported following admin-
istration of iodinated radiographic contrast media.
(3,4) It has been suggested that the apparent increase
in autoimmune thyroiditis in the US population may be
related to an increase in iodine intake. (5,6,7,8)
Adverse effects of iodine have also been observe  in
animals. In our laboratory, it has been shown that admin-
istration of large doses of stable iodine to iodine defi-
cient dogs causes follicular cell necrosis and discharge     -
of prelabeled organic and inorganic iodine. (9) In

hamsters with hyperplastic thyroid glands, administration
of iodide produces leukocytic infiltration of the thyroid
within 24 hours. This pathologic change is not prevented

by administration of glucocorticoids, but resolves after
the iodine is discontinued. (10) In guinea pigs,
intradermal injection of iodinated lipid may result in
chronic thyroiditis. (11)

Increasing amounts of iodine are being administered
to the general population in the form of iodinated radio-

graphic contrast media. In addition, iodized oil is
being injected intramuscularly in iodine deficient areas
as prophylaxis against goiter. (12) Finally, it has been

recommended that relatively large doses of iodine be given
to populations exposed to nuclear accidents to prevent
thyroidal uptake of radioiodine. (13)

In order to determine whether acute administration

of iodide leads to any undesireable effects in the 
general population, .we studied a group of patients .who.  .-

.. . -     received  iodinated radiographic contrast. medium ih the      .-- .: .        ...:
-

course of routine x-ray diagnostic procedures. We

were particularly interested in investigating the possi-

bility that administration of iodine could damage thyroid
follicular cells leading to release of intrathyroidal
antigens such as thyroglobulin into the blood.  An
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increase in serum thyroglobulin might, in turn, either
initiate or exacerbate thyroid autoimmunity in suscep-
tible individuals, leading to autoimmune thyroiditis.
We looked for undesireable effects due to the adminis-   '
tration of iodide in 3 ways:

1)        A possible acute "toxic" effect on thyroid
follicular cells was investigated by determining
serum thyroglobulin immediately prior to and 24
hours after injection of iodinated contrast medium.

2)        An effect on thyroid autoimmunity was inves-
tigated by determining thyroid autoantibodies
immediately prior to and 3-6 months after injection
of iodinated contrast medium.

3)        Acute and chronic effects on thyroid function
were investigated by performing thyroid funcEion
tests immediately prior to, 24 hours after and
3 - 6 months after injection of iodinated contrast
medium.

It has not been possible to complete certain aspects
of the study as originally proposed. The major problem
has been in the question of support funds and time limi-
tations. Each submitted budget has been curtailed and
the project further constricted. This has made it parti-
cularly difficult to continue the studies on hyperthyroid
patients with small pool syndrome with the performance
of the iodine kinetics and fluorescence scanning. Some
pre-operative patients prepared with propranolol have been
given iodine but analysis of their pathologic sections
has not as yet been completed. It is hoped that funds for
this will be available from other sources since such funds
have also been used for other aspects of this study.

The public health aspects of iodine in the project in
Nicarauga has finished its first phase. This constitutes
extensive control studies on a randomly selected population.
Unfortunately, local political problems have delayed the
institution of·iodination.- The second part of the project  -  -  ,-
will follow iodination by. 4 to 6 months. - The necessary      - .     ': . -  1.

E-0,    .    studies of this project are financed .from other souices.
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MATERIALS AND METHODS

General Outline

After obtaining informed consent, 20 ml blood samples    t
were drawn from patients scheduled to undergo. studies  z
which involved administration of iodinated x-ray contrast
media. An attempt was made to obtain samples 24 hours
after injection of contrast in all patients. Patients were
requested to return 3 months or more after the initial
study to give followup blood samples. Serum was separated
and frozen for later analysis, and all tests on each
patient were run in the same assay.  Blood samples were '
analyzed for thyroglobulin (TG), thyroxine (T4), triiodo-
thyronine (T3), thyrotropin (TSH) and for the presence of
antibodies to thyroglobulin (TG) and thyroid microsomal
antigen (TMA).

Subjects

Any adult inpatient or outpatient scheduled for com-
puterized transaxial tomography with intravenous contrast
(CTT), intravenous pyelography (IVP), coronary arterlo-
graphy or lymphangiography was eligible to be included
in the study provided that he or she had not received radio-
graphic contrast media within the previous month. All
patients were interviewed by one of us (F.L.) and informed
consent was obtained. Eligible patients were included
without regard to the presence of thyroid disease or medi-
cations.  A total of 64 patients were included in the
study. Although most had chronic medical problems, only 3
had any history or clinical evidence of thyroid disease.
Ages ranged from 24 to 78 (median 55) with 28 females and
36 males.

Radiographic Procedures

40 patients underwent CTT, receiving 120 ml of Conray-60
(meglumine iothalamate 60%) intravenously.

7 patients underwent coronary arteriography, receiving
between 115 and 275 ml of Renografin-76 (meglumine diatrizoate
66% and sodium diatrizoate 10%) intra-arterially.

--    -'   6 patients underwent standard IVP,    receivihg   50-ml   of        -      -
Renografin-60 (meglumine diatrizoate 52% and sodium diatri:
zoate 8%) intravenously.

8 patients underwent infusion IVP, receiving 300 ml of
Reno-M-Dip (meglumine diatrizoate .30%) intravenously.
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3 patients underwent lymphangiography, receiving
10 .- 20 ml of Lipiodol (iodinated hydrolized poppy seed oil)
intra-lymphatically.

Iodine Content of x-ray Contrast Media

According to the US Pharmacopea, 0.02% by weight of
diatrizoate or iothalamate  may be present as inorganic
iodide in radiographic contrast media. Thus the maximum
amount of inorganic iodide which should have been injected
was 14 mg for CTT, 30 mg for coronary arteriography, 6 mg
for IVP and 18 mg for infusion IVP. Coel et al (14) measured
inorganic iodide content df Conray-60 and Renografin 76
and found it to be 4.6 mg/100 ml and 3.7 mg/100 ml respectively.
This. would result in injection of 5.5 mg of inorganic
iodide for CTT and 1.8 mg of iodine for standard IVP.
Unfortunately we did not measure the inorganic iodine con-
tent of the contrast that was actually injected into our
patients. The actual amount of inorganic iodide may
vary with length of storage and storage conditions. No
data is available regarding the inorganic iodide content
of Lipiodol.

Sampling

A blood sample was obtained prior to contrast injection
in all patients, and within 24 hours of contrast injection
in the majority. Repeat blood samples were obtained 24
hours after injection in 56 patients, and also at 4 or 5 days
after injection in 9. 36 patients returned for followup
blood samples 2 to 18 months (median 6 months) after injec-
tion of contrast.

Analytical Methods

Serum thyroxine and triiodothyronine were determined by
standard double-antibody radioimmunoassay using antisera
purchased from Endocrine Sciences.

Serum TSH was determined using radioimmunoassay kits pur-
chased from Abbott.  Separation of antibody bound and free
TSH was by means of polyethylene glycol.

Antibodies to thyroglobulin and thyroid microsomal antigen
2   S .. were: determined ·by the tanned red blood  .cell hemagglutination   -.;.      _

..1  - „- :.- · t-: t. techhique" using kits·purchased-from Ames ..(Seratek)·,. -.7. The...,-'- ,-:...:....   ...1.9
-         .      lowest dilution tested was 1:25 and the highest was 1:25,600.'i   ·..  .3-1

Antibodies to thyroglobulin were also determined using a
radioassay technique. (See below).

'
1
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Serum thyroglobulin was determined by a double antibody
radioimmunoassay using a modification of the technique
of Van Herle et al. (151 Thyroglobulin was isolated  from  a non toxic
goiter and purified by sequential gel chromatography on
Sephadex G-200 and Sepharose 4B. The identity and purity
of the thyroglobulin was confirmed by sucrose density
ultracentrifugation and polyacrilamide gel electrophoresis.
The concentration of thyroglobulin was determined by the
Lowry technique, using several dilutions performed in
duplicate.

4 New Zealand white rabbits were immunized with purifed
thyroglobulin emulsified in complete Freund's adjuvent.               '
The initial immunization consisted of 1.0 ml of suspension
containing 200 mcg of thyroglobulin injected into the foot
pads. One week later two rabbits were given a total of
1.0 ml of a suspension containing 200 mcg of thyroglobulin
into the popliteal nodes, while the other two were given
4.0 ml containing  800  mcg of thyroglobulin  into  the
popliteal nodes. All subsequent injections consisted
of  200  mcg of thyroglobulin  in  1.0  ml of incompl,ete Freund' s
adjuvent. Immunizations were made at weekly intervals for
an additional two weeks and then at biweekly intervals for
6 weeks.  Subsequent boosters have been given at intervals
of 3 to 4 months. Serum obtained from the rabbits after the
initial 6 weeks of immunization was analyzed by Ouchterlony
plate precipitation and immunoelectrophoresis against a
variety of antigens. The results demonstrated specificity
of the antisera for thyroblobulin, with no cross reactivity
to other serum proteins, T4 or T3. In addition, the rabbit
antiserum and pooled human serum containing a high titer of
anti-thyroglobulin antibodies by the tanned red blood cell
hemagglutination technique gave identical precipitation
lines when immunoelectrophoresis was performed against puri-
fied.thyroglobulin. All thyroglobulin assays were performed
using:a single antiserum obtained 12 months after initial
immunization.

Thyroglobulin was labeled with 125-I by a modification
of the method of Greenwood (16). The specific activity
varied between 50 and 100 mCi/mg. 125-I thyroglobulin was
routinely purified by gel chromatography on Sephadex G-200
immediately prior to use in the assay.

*.Thyroglobulin. standards  were made .up in.horse serum,' -.· .5 - :-- ....·-··" ··uaing purified thyr6globulin analyzed by-the Lowry-method. _··... .-

The buffer used in the assay consisted of phosphate buffered
saline (0.01 M phosphate, 0.15 M NaCl) pH 7.5 plus 2% horse
serum. Carrier rabbit gamma globulin and goat anti-rabbit
globulin were obtained from Antibodies Inc. All standards
were run in triplicate and unknown sera in duplicate.
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1)  200 ul of patient serum or thyroglobulin standard

was incubated with 0.001 ul of rabbit anti-
thyroglobulin antiserum fl:900,000) and 60 ng of
carrier rabbit gamma globulin in a total volume of

900 ul at 370 C. for 3 hours. (no anti-thyro-

globulin was added to the NSB tubes).

2)  0.1 - 0.2 ng of 125-I thyroglobulin contained in
100 ul of buffer was added and the tubes incubated

at 370 C. for 17 hours.

3)  Sufficient goat anti-rabbit gamma globulin to prec
i-

pitate all the rabbit gamma globulin in the tubes

was added in·a volume of 100 ul. The tubes were

incubated for an additional hour at 370 C. and then

placed in an ice bath for two hours.

4)     The  tubes were centrifuged  at  1,200  X  G  for 30 minutes

in a refrigerated centrifuge at 4' C.  The supernatant

was aspirated and the precipitates counted in an
automatic well scintillation counter for a «nimum
of 10,000 counts.

5)  After subtraction of non-specific binding, bound/
total counts were determined for all standards
and unknowns. The bound/total for the standards

was plotted against the log of the thyroglobulin

concentration, and the concentration of thyro-
globulin in the unknowns was determined from this
standard curve.

125-I thyroglobulin bound in the absence of added thyr
o-

globulin varied between 40 and 60% of the total, and t
he

minimum detectable concentration of thyroglobulin was
2.5 ng/ml. Samples containing more than 160 ng/ml of

thyroglobulin were re-run after dilution 1:10 with hor
se

serum. Addition of T4 and T3 in concentrations of

50,000 mcg/ml had no effect on the binding of 125-I Tg
to antibody. Serial dilutions of patient sera containing

very high levels of thyroglobulin (2,700 and 2,400 ng/m
l)

in horse serum gave curves which were parallel to the
standard curve.

Native antibodies to thyroglobulin which may be prese
nt

' ..,  ,        in  serum  to be assayed for thyroglobulin can interfere  ......-.  -    .  , -2.·

.s:$#ith the lassay, causing an artifactual·increase or .decrease ·' ·--r.
in the measured thyroglobulin concentration. The effect

depends on the specificity of the anti-rabbit gamma glo
bulin

which is used to precipitate antibody bound 125-I thyr
o-

globulin. In either case some of the 125-I thyroglobulin

is bound to the native antibodies, which are human gam
ma

globulin. If the precipitating antiserum (anti-rabbit

..
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gamma globulin) is specific and does not cross reactwith the human gamma globulin, more of the 125-Ithyroglobulin will remain in the supernate, leadingto a decrease in the precipitated 125-I thyroglobulin
and an apparent elevation in the concentration ofthyroglobulin in that sample. If the precipitating
antiserum cross reacts with and also precipitateshuman gamma globulin, less of the 125-I thyroglobulinwill remain in the supernate and more will be presentin the precipitate, leading to an apparent decreasein the concentration of thyroglobulin in that sample.
( 17) Therefore all sera to be assayed for thyroglobulin
were first assayed for antibodies to thyroglobulinusing a radioassay technique (vide infra) which is more
sensitive than the tanned red blood cell hemagglutinationtechnique. Sera positive for anti-thyroglobulin  anti-bodies were not included in the thyroglobulin portionof the study.

In 23 healthy normal hospital staff members themean serum thyroglobulin  was  8.8 *3.2 ng/ml   (.SEA·)   and
ranged from 4.0 to 16.0 ng/ml.

A radioassay for the presence of antibodies to thyro-globulin was developed using the same materials used inthe assay for thyroglobulin. This is a modification ofthe technique described by Peake. ( 18)

1)  5 ul of serum was incubated with 0.1 - 0.2 ng of 125-I
Thyroylobulin in a total volume of 1.0 ml for 17 hoursat 37 C.

2)  Sufficient goat anti-human gamma globulin was added toprecipitate all the gamma globulin present. The tubeswere incubated at 370C. for an additional hour and then
in an ice bath for two hours.

3)  The tubes were centrifuged at 1,200 X G for 30 minutes
in a refrigerated centrifuge at 4'C.  The supernatantwas aspirated and the precipitates counted for at least
10,000 counts in an automatic well scintillation counter.

It was found that sera from normal controls with no history..   ..  .,or family history of thyroid disease bound less.than 6%-....    -of  the 125-I thyroglobulin..     This was ·assumed.to represent,    . -  .· ..'.:.-6 '  .·- -·  non--'s-pecific binding.  Sera from individuals with detectable
antibodies to either thyroglobulin or thyroid microsomal
antigen by the tanned red blood cell hemagglutinationtechnique bound over 12% of the 125-I thyroglobulin. Results
were expressed as percent 125-Ithyroglobulin bound, with
values of over 12% considered positive.
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The percent 125-I thyroglobulin bound correllated
highly with the titer of antibodies to thyroglobulin
determined by the tanned red blood cell hemagglutinationtest. However, the radioassay technique appears to be
more sensitive, since it was always positive in patients
who had detectable antibodies to thyroid microsomal
antigen by the tanned red blood cell hemagglutination
test, even when antibodies to thyroglobulin were
undetectable by that technique.  No individual with a
titer of antibodies to thyroglobulin of 1:100 or greater
by the tanned red blood cell hemagglutination technique
had less than 12% 125-I thyroglobulin bound.

Normal Ranges

Serum thyroxine (T4) - 4.5 to·12.0 mcg/dl

Serum triiodothyronine (T3) - 80 to 200 ng/dl

Serum thyrotropin    (TSHY   -   less   than   1.0   to 5.0 microU/ml
Serum thyroglobulin   (Tg)   -  less  than  2.5  to  201,0  ng/ml
Antibodies to thyroid microsomal antigen  (TMA)-TRC  --less  than  1:25

Antibodies to thyroglobulin   (Tg)   -  TRC  -  less  than  1:25

Antibodies to thyroblobulin (-Tg) - Radioassay - less than 12%
125-I Tg bound

Statistical Analysis

All serum from each patient was run in 'the same assay.
When serum samples were run 10 times in duplicate in the same
assay and the results of the 10 pairs of duplicates used
to calculate the coefficient of variation, it was less than
2% for thyroxine, triiodothyronine and thyrotropin, and less
than 5% for thyroglobulin.

Statistical analysis of the pre and post contrast values
for thyroxine, triiodothyronine, thyrotropin and thyroglobulin
were made using the Student's test for paired comparisons.

i
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RESULTS

I.  Antibodies to Thyroidal Antigens

In 15/64 or 23% of the study population antibodies
to thyroglobulin and/or thyroid microsomal antigen were
detectable in the control blood sample drawn prior to
injection of contrast. 11/28 or 40% of the women and
4/36 or 11% of the men were positive. In 7 individuals
(6 women and 1 man) antibodies to both thyroglobulin
and thyroid microsomal antigen were detectable.  7patients had an initial titer of 1:25,600 or greater to
at least one antigen. These patients maintained these ,
high titers throughout the period of observation, while
of 8 patients who had initial titers of 1:400 or less
subsequent samples gave negative results in 50%.

In 11/49 or 22% of the patients who had no detect-
able antibodies to thyroidal antigens prior to injection
of contrast, antibodies were detected in at leaAt one
subsequent blood sample. In four instances the elevations
were minimal (a tanned red cell titer of 1:25 to only
one antigen which was not matched by an increase in the
radioassay). However, in seven instances (14% of patients)
an incredse of at least.two tube dilutions and/or a con-
firmatory increase in the radioassay was observed. In 3
instances (6%) the titers rose from undetectable to
1:25,600 or more. All these individuals were 1-                -- . . .     '
without clinical or laboratory evidence of thyr6iddisease.
To our knowledge none had a positive family history of
thyroid disease and none had received x-raycontrast agents
previously.

i

II. Thyroid Function Tests and Thyroglobulin

A.  Acute Changes

1.  Serum thyroglobulin

As previously noted, serum thyroglobulin could be
, _..     '  . ..<.-measured ··only in those patients who. did not have datectable. 1-5.:   >.- -

'.;  ·antibodies·to .thyroglobulin by the,,radioassay-.technique.·-'.:t· ..:..1-r ' ·..·-'
The mean serum thyroglobulin in 39 patients prior to
injection of contrast was 10.2 £2.3 ng/ml.  This is slightly
higher  than  the mean thyroglobulin of 8.8*3.2  ng/ml  in  a
control group of younger hospital personnel. The difference is not
statistically significant.
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In 26 individuals who underwent CTT scanning mean
precontrast serum thyroglobulin concentration was
10.8  +  1.9 ng/ml. It increased slightly to 11.512.0
ng/ml 24 hours later. This increase is not statis-
tically signi ficant  (p > 0.1) .    In 6 patients  who  had
thyroglobulin determinations 4 or 5 days after CTT

.<    scanning, mean pre-contrast thyroglobulin was 13.65 .6.3  - ,  T:.:41. -,1
,            ng/ml. This increased, slightly to 15.71 5.4 ng/ml.
  -    '    .The increase is not 'statistically significant. In 12         ),"'--  .·
6 ,

i. . . / patients who returned for long term followup after
CTT, the mean precontrast TG of 13.73 3.0 ng/ml -*< ·  L...0--        :

had increased to 15.13 3.0 ng/ml. This increase is ._._..... 2  5statistically significant  (p < . 05) .
1 - -I

In 4 patients who underwent coronary angiograpy
--        -           the pre-contrast thyroglobulin of 6.3 1 0.7  ng/ml

increased slightly to 7.3 fl.7 ng/ml 24 hours later.
This increase is not statistically significant.

In 10 patients who underwent IVP the mean pre-
contrast thyroglobulin of 12.1 33.9 ng/ml decreased
slightly to 11.5 -+3.2 ng/ml 24 hours later. The decrease
is not statistically significant.

Serum thyroglobulin could be determined in only
one patient who underwent lymphangiography and no change
could be detected 24 hours later.

2.  Serum triiodothyronine

In 35 patients who underwent CTT scans the mean pre-
contrast triiodothyronine  was  127 +5.0  ng/dl. It decreased
to 118 #6.0 ng/dl at 24 hours. This decrease is statis-
tically significant  (p < . 05) . When patients  who were
taking medication which could have affected thyroxine
metabolism or the concentration of thyroxine binding
globulin were eliminated from the analysis, the mean serum
triiodothyronine  in the remaining 22 patients  was  124 £6.0
ng/dl.     It  fell  to  113£7.0  rig/dl 24 hours after contrast
administration. This difference is also statistically
significant (p<.025). In one patient triiodothyronine
fell from 140 ng/dl prior to administration of contrast
to 58 ng/dl 24 hours later.  The latter value is well
below the lower limit of normal. In the 9 patients who
had triiodothyronine determinations performed 4 or 5 days
after administration of contrast  the

 

control triiodothyronine     ..  1was   124 + 10  ng/ml   and. the post-contrast value   117 k 10   ng/ml.
The  difference  is not statistically significant  (p >  . 10) .

In 6 patients who underwent coronary angiography
the mean pre-contrast triiodothyronine  was.130 17  ng/dl  and
decreased to 1173 9 ng/dl 24 hours later.  The decrease
is statistically significant  (p < .05) .

'.../..



11
,.

1

In 12 patients who underwent IVP the mean pre-contrast serum triiodothyronine  of  109 t 7 ng/dl decreased
to 1033: 8 ng/dl 24 hours later. This decrease is not
statistically significant. However, in one of these
patients triiodothyronine fell from 100 ng/dl pre-contrastto 44 ng/dl 24 hours later.

In 3 patients undergoing lymphangiography there wasa small increase in serum triiodothyronine  from 96 £ 6 ng/dlto  106 + 5 ng/dl  4 days after contrast administration.
This increase is not statistically significant.

3.  Serum Thyroxine

In 35 patients who underwent CTT scans the.mean pre-contrast serum thyroxine  was 7.9*0.3 mcg/dl. It decreased
to 7.7* 0.3 mcg/dl 24 hours after contrast administration.
The difference is not statistically significant (p.> 0.1).
In 9 patients who had thyroxine determinations performed
4 or 5 days after administration of contrast, the meancontrol thyroxine was 8.1 0 0.5 mcg/dl  and  the  mean  post-
contrast serum thyroxine   was   7.9+ 0.4 mcg/dl.      fhe
difference is not statistically significant.

In 6 patients who underwent coronary angiography
the mean pre--contrast serum thyroxine  of  7.8 4 0.4 mcg/dl
increased slightly to 7.9 3:0.5 mcg/dl following contrast
administration.  The difference is not statistically
significant.

In 12 patients who underwent IVP the mean pre-contrast
serum thyroxine of 7.7 2 7 0.3 mcg/dl decreased slightly  to
7.550.3 mcg/dl 24 hours after contrast administration.
The difference is not statistically significant.

In 3 patients who underwent lymphangiography the
mean pre-contrast serum thyroxine  of   5.8& 0.7 mcg/dl increased
slightly  to 6.1 4 0.5 mcg/dl  4 days later. The difference
is not statistically significant.

4.  Serum Thyrotropin

In 35 patients who underwent CTT scanning the mean -
-

pre-contrast serum thyrotropin of 2.3 3.0.2 microU/ml was   -·  - Z :-unchanged 24 hours after contrast administration.-.In 9  2 .-I. 2 1-- '......... 1
patients who had sdrum thyrotropin determinations 'performed
4 or 5 days following administration of contrast , the
control thyrotropin was 2.0 5 0.3 microU/Inl  and  the  post-
contrast thyrotropin concentration was 2.5 3.0.4  microU/ml.
The difference is not statistically significant.



1

112

t

In 6 patients who underwent coronary angiography the
mean pre-contrast serum thyrotropin was 2.7 t 0.3  microU/ml.It increased slightly to 3.0*0.6 microU/ml 24 hours
after administration of contrast. The difference is not
statistically significant.

In 12 patients who underwent IVP the mean pre-contrastserum thyrotropin  of  2.3 3 0.2 microU/ml was unchanged
24 hours after contrast administration.

B.  Late Changes

1.  Scrum thyroglobulin

In 12 patients who returned for late followup after
CTT   scanning,   the mean serum thyroglobulin  was 15 .1 1- 3.0ng/ml  versus the pre-contrast  mean  of   1 3.7* :3.0   ng/ml.
The difference is not statistically significant.

In 3 patients who returned for late followup after
coronary arteriography, the mean serum thyroglobblinwas   5.5   2.6 ng/ml versus a pre-contrast  mean of 6.7 3 0.3
ng/ml. The difference is not statistically significant.

In 6 patients who returned for late followup after
IVP,   the mean serum thyroglobulin was 5.8*1.1 ng/ml
versus a pre-contrast  mean  of  6.6 5 1.6  ng/ml.    The
difference is not statistically significant.

2.  Serum tri-iodothyronine

In 21 patients who returned for late followup after
CTT scanning, the mean serum tri-iodothyronine was iden-
tical to the mean pre-contrast serum tri-iodothyronine of127*5 ng/dl.

In 2 patients who returned for longterm followup after
coronary arteriography, the mean serum triiodothyronine was
113 E 5 ng/ml versus a pre-contrast mean of  108 23 ng/dl.

In 8 patients who returned for longterm followup
after  IVP  the mean serum triiodothyronine  was  128 k 9  ng/*
versus  a mean pre-contrast serum triiodothyronine  of  112 -
8 ng/dl. The difference is not statistically significant          -
(p.1 0.1) . .

3.  Serum thyroxine

In 21 patients who returned for late followup after
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CTT   scanning  the mean serum thyroxine was 7.5 1 0.4 mcg/dl
versus  a mean pre-contrast serum thyroxine  of   8.2*0,4
mcg/dl. The decrease is statistically significant (p< 0.005).

In 2 patients who returned for longterm followup
after coronary angiography, the mean serum thyroxine was
7.1*0.3 mcg/dl versus   a mean pre-contrast serum thyroxine
of  7.2 2 0.3 mcg/dl. The difference  is not statistically
significant.

In 8 patients who returned for longterm followup after
IVP ,   the mean serum thyrdxine   of   7.7 4 0.3 mcg/dl  was
identical to the mean pre-contrast serum thyroxine.

4.  Serum thyrotropin                                  -

In 21 patients who returned for late followup after
CTT  scanning ,   the mean serum thyrotropin ·'was  3.5 5 0.5
microu/ml versus 2.1 0 0.2 microU/ml prior to administration
of contrast. The difference is statistically significant (p(0:Q'i)_

In 3 of the 21 patients the serum TSH had  risen above
the normal range at longterm followup. In the first , the
TSH had increased from 3.2 t o 8.0 microU/ml while the serum
thyroxine remained constant. In the second, the TSH had
increased from 1.2 to 11.5 microU/ml and the serum thyroxine
had declined from 8.2 to 5.9 mcg/dl. In the third, TSH
had increased from 3.2 to 5.0 microU/ml while serum thyroxine
remained constant.

In the 21 patients who returned for longterm followup
after CTT scanning, 4 had positive antibodies to thyroidal
antigens in pre-contrast blood samples, and 3 had developed
antibodies transiently during the period of followup.

In 2 patients who returned for longterm followup after
coronary angiography the mean pre-contrast thyrotropin of
1.79:0.2 microU/Inl had increased to 2.7 * 0.3 microU/ml.
This increase is not significant.

In 8 patients who returned for longterm followup
following IVP the mean pre-contrast serum thyrotropin of
2.4*0.2  microU/ml had increased to 2.8 4 0.3 microU/ml.
This increase is not statistically significant. -
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Discussion

Thyroglobulin is a glycoprotein with a molecular
weight of 670,000. It is the major component of fol-
licular colloid, and is the framework upon which thy-roid hormones are synthesized. It was formerly believed
that   thyroglobulin  was   a " sequestered antigen"   and   that
autoimmune thyroiditis was caused when thyroglobulin
was relaeased into the blood and stimulated a "for-
bidden clone" of immunologically competent cells to
produce antibodies against thyroglobulin. However,
it has recently been shown that thyroglobulin is
present in the blood of normal individuals in a con-
centration of about 5 ng/ml. (15) Some thyroglobulin
is released into the lymphatics draining the thyroid
gland in the course of normal thyroid hormone secre-
tion ( 19) and reaches the general circulation. The
concentration of thyroglobulin is increased in new-
born infants, thyrotoxic patients, and followingthyroid surgery or treatment of hyperthyroidism-With
131-I.           It is also elevated in patients with
subacute thyroiditis and in some patients with
papillary or follicular thyroid carcinoma. (15,20,21)

. <
Although thyroglobulin can no longer be considered

a "sequestered" antigen, elevated serum levels of thyro-
globulin are often associated with the presence of anti-
bodies to thyroglobulin. In subacute thyroiditis the
acute elevation of thyroglobulin is followed by the
transient presence of low titers of antibodies to
thyroidal antigens (including thyroglobulin) in 50%
of patients.  ( 22 ) Patients treated with 131-I  for
hyperthyroidism also·have acute elevations of thyro-
globulin  ( 23 ) and often either develop antibodies  to
thyroglobulin or a further elevation in pre-existing
thyroglobulin antibodies.   (  24 ) In rabbits, injection
of their own thyroid tissue combined with adjuvent
resulti in the formation of circulating antibodies to
thyroglobulin and in the histologic changes of auto-
immune thyroiditis in the remaining thyroid lobe. (25 )

Current immunologic theory suggests that tolerance
.-to. autoantigens .such. as thyroglobulin is actively ma.in- .:. -:1· :..   :·,-    --f.:

i --  -        ·--- .- thined:· in -normal individuals. Three classes 6f lympho- . .·- -:.15.-1.2      -
cytes have been distinguished: bursa-equivalent B
lymphocytes carry immunoglobulin molecules on their
surface. When they come into contact with an antigen
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capable of binding to this specific immunoglobulin, theyproliferate and produce antibodies against that antigen.
Thymus dependent T lymphocytes react to contact with
foreign antigens by initiating cellular immune responses.
However, they are also responsible for controlling anti-
body production by B lymphocytes. When a B lymphocytebinds to a foreign antigen the complex is recognized
by "helper" T lymphocytes which facilitate antibody
production. However, if a B lymphocyte binds to an auto-
antigen, the complex is recognized by "suppressor" Tlymphocy Les which  prevent the formation of autoanti-
bodies.    (  26 ) Killer  or K lymphocytes are capable  of
destroying any cell coated with antigen-antibody complexes.
(27) Since normal individuals have lymphocytes capableof binding thyroglobulin in their blood,  ( 28 )  it is
assumed that suppressor T lymphocytes are responsible
for the absence of antibodies to thyroglobulin in the
majority of normal individuals.   (  29 ) This supQression
of anti-thyroglobulin antibody production can apparently
be overcome in circumstances in which large amounts of
thyroglobulin are released into the circulation, such
as subacute thyroiditis or following treatment with 131-I.
However, in most patients the antibodies to thyroglobulin
which are observed under these circumstances disappear
after the levels of thyroglobulin return to normal.    (  22)

It is postulated that autoimmune thyroiditis occurs
in individuals who have a genetically transmitted defectin suppressor T lymphocyte function. ( 29, 30)  In such
susceptible individuals formation of antibodies might
be triggered by release of abnormal amounts of intra-
thyroidal antigens. The antibodies produced might,   in
turn, lead to damage or destruction of thyroid follicular
cells. Antigen-antibody complexes have been detected
on the basement membranes of thyroid follicular cells
by electron microscopy.   (  31) The presence  of  such  com-
plexes would make the cells susceptible to attack by
cytotoxic K cells, which have been recovered from the
thyroid glands of patients with autoimmune thyroiditis.
(29 ) Follicular cell damage or destruction would
result in further release of intra-thyroidal antigens,

..:, . ..:_..:perpetuating.the process and leading .to.autoimmune ...-·:·-· -1 - '-.  - thyroiditis. '-  --··,.---.-t:'.i. ....... .0.... ".  '.-  .   .  .- .  .....   :.---'. :.-

The present investigation was designed to determine
whether administration of small amounts of iodide in
X-ray contrast media leads to release of thyroglobulin
and whether this results in the formation of antibodies
to thyroidal antigens.
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-         We observed only a small statistically  non-significant
increase in mean serum thryglobulin levels 24 hours after
administration of contrast medium. In a few patients in
whom determinations were made 4 to 5 days later, no in-
crease in thyroglobulin was observed. Furthermore, no
individual patient had a large increase in thyroglobulin
and no patient who subsequently developed antibodies to
thyroidal antigen had an increase in thyroglobulin. Despite
our failure to document an increase in thyroglobulin in
these patients, 11 (22 percent) subsequently developed
transiently  elevated  antibodies  to thyroidal antigens.

The transient antibody elevations that we observed
appear to be significant, since in most instances the
titers of antibodies to thyroglobulin and thyroid micro-
somal antigen rose and fell in parallel.  The Rep#*Ate .
radioassay method for anti-thyroglobulin antibodies
independently confirmed the results obtained with the
tanned red blood cell hemagglutination technique: In 3instances the antibody titers reached levels which would
be considered diagnostic for autoimmune thyroiditis. --

The significance of transient elevation of antibodies
in·our hospitalized population is not clear. Low levels
of antibodies to thyroidal antigens are found in a sig-
nificant proportion of normal individuals. In population
studies roughly 8% of persons without clinical thyroid
disease have detectable antibodies to thyroglobulin,
and if antibodies to three thryoidal antigens are tested
for, the incidence of positive antibodies rises to 12%.
Antibodies are three times more common in women than in
men in the younger age groups, but the prevalence rises

' with age reaching·20% of both sexes after age 70. ( 32)
The post-mortem incidence of focal lymphocytic thyroid-
itis closely parallels the incidence of detectable anti-
bodies to thyroidal antigens in the general population.
Fotal lymphocytic thyroiditis is a pathologic process
which is microscopically identical to autoimmune thyroid-
itis of the Hashimoto's type but which occurs as discrete
foci surrounded by normal thyroid tissue rather than
involving the entire gland.    (  33 )

„.  & ..,1.  *»_ -t.':·  --       :  --Detectable antibodies to thyroidal ani:igeriis -are-1.  ,  .--·:-- · --: ·-,·2
more common in hospitalized patients than in the general
population. In one study using radioassay techniques,
23% of hospitalized patients without clinical thyroid
disease had detectable antibodies to thyroglobulin,
while 20% had detectable antibodies to thyroid micro-
somal antigen. (-34)

1.
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Our data are in good agreement with these. 23% of our
hospitalized patients had antibodies to either thyro-globulin or thyroid microsomal antigen or both on the
control pre-contrast blood sample. This group included
11/28.women'and 4/36 men.

In 7 of our patients with pre-existing antibodies
to thyroidal antigens, the titer of antibodies to at
least one antigen was 1:25,600 or greater, and did not
change significantly during the period of observation.These patients probably had autoimmune thyroiditis
despite  having normal thyroid glands  on   palpation.
Gordin and Lamberg have followed similar patients andhave observed the occurrance of hypothyroidism in 28%over a three year period.  ( 35

) In contrast, in thosepatients who, following injection of contrast medium,
developed detectable antibodies to thyroidal antigens
during the period of observation, the antibodies disap-peared in all patients in whom an adequate followup
was obtained. This includes the patients who developed
a titer of 1:25,600 or greater, a level usually considered
to be diagnostic of autoimmune thyroiditis. The transient
nature of the antibody elevations observed in our patients
following injection of x-ray contrast medium suggests thatthey did not develop autoimmune thyroiditis during the
period of observation, but that they had a transient lossof tolerance to intrathyroidal antigens.

Other studies have shown that the presence of anti-bodies to thyroidal antigens may be transient or inter-
mittent. It is well documented that the antibodies whichare detected following an episode of subacute thyroiditis
virtually always disappear within several months.   (  22 )
In a 6 year survey of 5,179 schoolchildren, Rallison et alfound that.antibodies to thyroglobulin spontaneously
disappeared in 1/3 of the children in whom they were
present initially.   ( 36) Khangure et al restudied
clinically normal individuals who had been found to
have antibodies to thyroglobulin during a population
survey in 1963. They found that 9 years later only 26%still had po-sitive antibodies, while 12 years later 30%
had positive antibodies. (37 ) The transient.presenceI of detectable antibodies  to  thyroidal  ant-igens: iri '..our:76.:,1.
patients could' have  been due either to release of intra-
thyroidal antigens in an analogy to subacute thyroiditis,
or to a transient suppression of T lymphocyte function.
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We were unable to document a significant elevation ofthyroglobulin'in the single measurement made in our
patients following injection of iodinated x-ray contrast
medium. It is possible that release of thyroglobulin did    t
occur, but that we did not detect it either because the
increase in the blood level was too small to be statisti-
cally significant or because the elevation occurred be-
tween 24 and 96 hours after injection when we did not
obtain blood samples. It is also possible that intrathy-
roidal antigens other than thyroglobulin were releasedbut were not detected because we did not look for them.
Alternatively,   no   increase   in the blood level of thryo-,
globulin or other thyroidal antigens may have occured,
either because an insufficient amount of inorganic iodine
was injected with the contrast medium or because the
population studied was not susceptible to iodine induced
follicular cell necrosis. The latter seems the most
likely possibility. The dogs which developed follicular
cell necrosis following administration of inorgenic
iodide were severely iodine deficient, presumably withmarkedly elevated thyrotropin,(9) while our patient
population all had normal thyrotropin levels and were       -
presumably iodine replete.

If the transient elevations of antibodies to
thyroidal antigens that we observed following injection
of contrast medium were not due to an increase in
circulating intrathyroidal antigens, they may have beendue to transient suppression of T lymphocyte function.
Such suppression might permit formation of antibodies to
normal levels of intrathyroidal antigens present in the
blood. We can only speculate on the possible reasons
for suppression ot T lymphocyte function in our patients.
It could have been related to injection of contrast
medium, but no mechanism for such an effect is apparent.
In the absence of a control population this remains a
theoretical possibility. It seems more likely that
suppression of T lymphocyte function is a characteristic
of the population that we have studied. All were hos-
pitalized, many with severe medical problems and most
on numerous medications. Previously cited studies have
shown an incidence of detectable antibodies to.thyroidal.

-  antigens in hospitalized populations that is 2..to.3 times '-   ·«2·5.----t:» 2 --=:' .- ':-' : .... that -in the normal population.  C   34  .)--:·it is-possible    .-
that the elevations observed in these studies may also
have been transient. We are unaware of any other longitud-
inal studies of the persistance of antibodies to thyroidal
antigen# following discharge in a hospitalized population.

A
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We observed small decreases in mean serum triiodothy-
ronine concentrations 24 hours after administration of
X-ray contrast medium. In patients who underwent CTT or
coronary arteriography the decrease was statistically
significant, while in patients undergoing IVP it was not.
(A small but statistically insignificant decrease in
serum T-3 concentration in patients undergoing IVP has
been  observed by others.)( 38 )   In  a few instances  a  . . .
dramatic decrease in serum T-3 occurred resulting in
values well below the normal range for the assay. Thyroid-
al secretion accounts for about 20% of circulating T-3
in normal individuctls with the remainder generated by
peripheral conversion of T-4 to T-3.  ( 39 ) The majority
of circulating T-3 is bound to serum proteins, primarily
thyroid binding globulin, and only about 0.5% is free.
The half time of disappearance of T-3 in a euthyroid
individual is about 24 hours.    (  40 ) The fall in serum
T-3 concentrations which we observed could have been due
to decreased T-3 secretion by the thyroid, decreased
conversion of T-4 to T-3 in the periphery, or displace-
ment of T-3 from protein binding sites resulting in more
rapid degradation.

We are unaware of any reported effects of iodinated
X-ray contrast media on thyroidal secretion. However, it
is well known that iodide will inhibit the thyroidal
secretion of T-3 in normal individuals in a dose
of 72 mg/day. ( 41,42) Although we estimate that the
total amount of free iodide that was injected into our
patients was less than this, in vivo deiodination of as
little as 0.2% of the contrast injected for CTT would
provide 72 mg of inorganic iodide.

It would seem unlikely that even complete cessation
of T-3 secretion by the thyroid would lead to decreases
in serum T-3 concentration of the magnitude that we
observed in a few of our patients, suggesting an effect
on peripheral conversion of T-4 to T-3 and/or T-3
metabolism. There is no evidence that iodide itself has
any such effects. (43,44 ) However, several recent papers
strongly suggest that some iodinated X-ray contrast agents

-              do. When sodium ipodate (Oragrafin) is given to hyper-. .. _ -.. ..  _.:
-thyroid patients.or individuals maintained on L-thyroxine :
there  is a decrease in serum T- 3  and an- increase in serum -

reverse T-3.  ( 45 ) Administration of sodium iopanoate
to euthyroid individuals results in a significant decrease
in serum T-3 and an increase in reverse T-3, T-4 and TSH
seven days later.    (  3 8 ) These observations are consistent

.
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with inhibition of peripheral conversion of T-4 to T-3.The authors of the latter paper propose that this is due
to an affinity of the contrast agents for deiodinating
enzymes.

We are unaware of any evidence bearing on the possi-
bility that contrast agents might bind weakly to thyroidbinding proteins in the blood, displacing T-3 and thus
resulting in its more rapid degradation. Another hypo-thetical possibility without supporting evidence io
that the marked hyper-osmolarity induced by large amounts
of these agents could have some effect on the peripheral
metabolism of T-3 or T-4.

Although there were no acute changes in mean serum
T-4 or TSH following injection of contrast, we observed
a significant decrease in mean serum T-4 and a signifi-
cant increase in mean serum TSH 3 to 6 months later.
In a few individuals serum TSH was frankly elevated atthe time of followup. However, mean serum T-3 was identi-
cal to that observed prior to injection of contrast.

A pattern of normal serum T-3, low normal or low
serum T-4 and high normal or high serum TSH has been
observed in patients with autoimmune (Hashimoto's)
thyroiditis and following treatment of hyperthyroidism
with radioiodine or thyroidectomy. It is felt to
represent early thyroid gland failure or low thyroidreserve.  (39,46)In the majority of our patients, serum
T-4 and TSH were still well within normal limits. Never-
theless, the pattern does suggest that 3-6 months
after our initial observation, the thyroid glands in
these patients required a greater degree of TSH stimu-
lation to maintain euthyroidism. We can only speculateon the reasons for these observations.

Some of our patients with frankly elevated TSHappear to be developing hypothyroidism. It is possible
that the contrast or inorganic iodide damaged the
thyroid glands in these patients. There was no correl--ation between.·either. the .thyroglobul.in. levels . following. ..li:...
contrast administration· or.the presence .of · antibedies    ---1.·09--
to thyroidal antigens (either pre-existing or transient)
and the levels of T-4 or TSH 3-6 months later. How-
ever, the effects may have been too subtle to be detected
by the metho8s used in the study.
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It is also possible that the values for T-4 and TSH
that we obtained at followup were actually the normal
ones for our population, while those obtained prior to
injection of. contrast had been affected either by the
underlying illness or by exposure to the hospitalenvironment. Exposure to small amounts of iodide is
inevitable in hospitalized patients. The use of iodine
cohtaining skin antiseptics is ubiquitous, and small
amounts of iodide are absorbed through normal skin. Low
levels of iodine might lead to slight elevation of T-4with consequent partial suppression of TSH. Both acute ,
and chronic illness and starvation lead to a decrease
in peripheral conversion of T-4 to T-3 which may result
in a transient increase in serum T-4 and a decrease in
serum   T- 3.      (  3 9 ) In the absence of a control population
we are unable to evaluate these possibilities.

.,
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